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Abstract: Some of the courses of the scientific area of Mathematics at ISCAP use multiple choice questions (MCQ) tests as a 
fundamental part of the assessment. The assessed topics include Differential and Integral Calculus, Algebra, Statistics, and 
Financial Mathematics. In the undergraduate programs of Accounting, Marketing and International Commerce, these 
courses are taught in theoretical-practical classes and their main objective is to provide the necessary support tools to other 
courses of these programs. On the other hand, these undergraduate programs, in particular Accounting, have many classes 
and many students, so MCQ tests have been an indispensable tool for both continuous and final exam assessment. The open 
source MOODLE platform, used through a local network intended only for continuous assessment, has been the support 
software for MCQ tests. In order to integrate student classifications so as to be more easily retrieved by all teachers, and in 
order to obtain them more quickly, an MS ExcelTM spreadsheet was developed. This allows us to automate the whole process 
from collecting the students’ answers, to obtaining their final classification and calculating important statistics. This paper 
describes the development process of this tool, which has proved extremely important in the e-assessment method already 
implemented. Therefore, some of the results presented show: (i) the substantial reduction in the time elapsed between the 
moment the tests were carried out by the students and the moment of the publication of the grades; (ii) the existence of 
automatic control in case of duplication of tests by the same student, (iii) the action of complementing MOODLE in the 
treatment of negative grades of students; (iv) the possibility of performing several statistical analysis that can be organized 
by class, by subject, by attendance regime to classes (nocturnal versus diurnal), and include comparisons with previous years 
and tables of frequencies of grades. 
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1. Introduction
With the adaptation of the different undergraduate programs to the Bologna Process, some students did not 
attend the Mathematics courses in secondary education. These include a significant number of candidates who 
enrolled in ISCAP through the Special Application for Students over 23 Years who have not studied for many 
years, and therefore have even more learning difficulties. 
On the other hand, a restructuring of the undergraduate programs reduced the weekly workload of the 
Mathematics curricular units and led to the need of articulating the Mathematics programs of study with those 
of the other curricular units, in order to provide, in real time, the mathematical bases required. 
Thus, there was a need to develop new strategies and methodologies to help students and to compensate for 
the lack of mathematical knowledge and the reduction of the weekly workload of the curricular units of 
Mathematics. These new strategies focused on replacing the summative assessment (final exam), which is very 
common in most higher education schools, by a continuous and student-centered assessment using diversified 
assessment methods (Rod, Eiksund and Fjaer, 2010; Mora et al., 2012; Llamas-Nistal et al., 2013). 
As Flores (2015, p. 1525) mentions, even after Bologna, some teachers continue to use only one final summative 
exam in one or two assessment periods to evaluate students. According to Redecker and Johannessen (2013), 
changes in educational practices and learning processes only become effective if we make changes in the way 
we evaluate students.  
Thus, this article focuses on the presentation of an e-assessment tool that helps teachers to evaluate students 
throughout the semester and not only at the end. It is also intended to introduce a formative evaluation before 
each moment of continuous assessment. 
However, with many classes and many students, we chose to use an electronic assessment tool based on the 
Moodle platform and on a bank of questions developed previously to generate the formative and summative 
tests in classes. Moodle platform is free and one of the most used Learning Management Systems (LMS) in the 
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world. The e-assessment has become more and more used during the last few years. Now it is possible to use e-
assessment only without ever using paper (Stödberg, 2012). 
The structure for the remaining of the paper is the following: first we discuss some related topics, then we 
present the method and tools, the results and the conclusion. 
2. Related topics
In this section, related topics are introduced, namely e-assessment and Multiple-Choice Questions (MCQ). 
2.1 E-assessment 
When introduced in the learning process, Information and Communication Technologies (ICT) bring up new 
challenges and at the same time offer teacher tools that let them create differentiated learning opportunities 
for students. Similarly, in the assessment process, it becomes a useful resource, thus, its use turns out to be, 
somehow, unavoidable, arising the concept of e-assessment. 
Bull and Danson (2001) present e-assessment as an umbrella term that is related to the application of ICT in the 
assessment process, including close-ended questions, as for instance MCQ or matching questions, but open-
ended formats can also be available, such as portfolios or discussions, (Cook and Jenkins, 2010; Stödberg, 2012). 
Close-ended questions formats are the most used in e-assessment (Stödberg, 2012). 
One possible approach to e-assessment is the development of specific environments for this purpose, which 
have the advantage of being designed and implemented accordingly to the necessities of the users (McGuire et 
al., 2002; Botički and Milašinović, 2008; Gruttmann, Böhm and Kuchen, 2008; Dascalu and Bodea, 2010; Wilson 
et al., 2011; Jordan, 2013; Llamas-Nistal et al., 2013; Guo et al., 2014; Vora and Shinde, 2014).  
Another approach is the use of Learning Management Systems, which have the advantage of providing a wide 
range of tools specifically designed to allow the implementation of diversified e-assessment activities (Blanco 
and Ginovart, 2012; Mora et al., 2012; Moscinska and Rutkowski, 2012; Salas-Morera et al., 2012; Sorensen, 
2013; Holmes, 2015).  
Other possibility is the use of the so called Assessment Systems, which are developed specifically to elaborate 
and to present questions to the students, from banks of questions previously developed (Burrow et al., 2005; 
Mathai and Olsen, 2013; Hauk, Powers and Segalla, 2015). 
One of the great advantages of e-assessment is the possibility of easily assessing a large number of students, 
facilitating the teachers’ work, allowing to save time and resources (Bull and Danson, 2001; Rust, 2001; Yorke, 
2001; Botički and Milašinović, 2008; Blanco and Ginovart, 2012; Mora et al., 2012; Moscinska and Rutkowski, 
2012; Jordan, 2013). Several other advantages can be found in the literature, but we emphasize the celerity in 
obtaining the grades (Bull and Danson, 2001; Cook and Jenkins, 2010; Mora et al., 2012; Redecker, 2013), the 
facility to store, edit, reproduce, recombine and reuse information (Cook and Jenkins, 2010; Redecker, 2013), 
and the capacity to automatically generate quality indicators and statistics (McAlpine, 2002). 
It is recognized in the literature that e-assessment has some limitations. For instance, it presents some important 
organizational challenges, and initially a big effort can be needed to put the process up (Yorke, 2001; JISC, 2007; 
Green and Mitchell, 2009; Cook and Jenkins, 2010). 
Many times, e-assessment is associated only with MCQ. Despite there are several possible formats for e-
assessment questions, as stated above, MCQ are of particular relevance and have some peculiarities. In the 
following subsections, we present some aspects of MCQ. 
2.2 Multiple-Choice Questions 
A multiple-choice test consists of a collection of MCQ. A MCQ is  “a question where the student is required to 
select a single correct answer from a range of available options.” (JISC, 2006, p. 74)  
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MCQ are composed of 3 elements: (1) a stem that presents the problem and which can take the form of an 
incomplete sentence or a question; (2) the correct option or answer key; and (3) several distractors, which are 
incorrect alternatives (Clegg and Cashin, 1986; Burton et al., 1991; Bush, 2015). The correct answer must be 
undeniably correct, whereas the distractors should be plausible for those that are not familiar with the necessary 
knowledge, but must be undeniably incorrect for those that already have it, becoming many times the most 
difficult part of the MCQ (Haladyna, 2004). 
Bush (2015, pp. 4–7) presents eight different formats for MCQ: 
 Traditional – “Select the option that seems to you the most likely to be correct for each question”; 
 Subset selection – “Select the option(s) that seem to you the most likely to be correct for each question; 
you may select up to three options per question”; 
 Distractor selection – “Select the option(s) that you think correspond to wrong answers; you may select up 
to three options per question”; 
 Strict ordering – “Answer each question by ordering the options according to how likely each one seems to 
you to be the right answer, where ‘1’ indicates most likely and ‘4’ indicates least likely; 
 Repeated selection – “Answer each question by first selecting the option that you think seems most likely 
to be the right answer, or you may choose to give up. If your first selection is incorrect, you may either make 
a second selection or give up at that point. If your second selection is incorrect, you may either make a final 
selection between the two remaining options or give up at that point”; 
 Repeated distractor selection – “Answer each question by selecting all the options that you think correspond 
to the wrong answer, or you may choose to give up. If your first selection is incorrect, you may either make 
a second selection or give up at that point. If your second selection is incorrect, you may either make a final 
selection between the two remaining options or give up at that point”; 
 Partial ordering – “Answer each question by ordering the options according to how likely each one seems 
to you to be the right answer, where ‘1’ indicates most likely and ‘4’ indicates least likely. You may assign 
an equal rank to any of the options, so that your ranking could be any one of the following: (1–2–3–4), (1–
1–3–4), (1–2–2–4), (1–1–3–3), (1–1–1–4), etc; 
 Repeated subset selection – “Select the option(s) that seem to you the most likely to be correct for each 
question; you may select up to three options per question.” If their first choice of option(s) does not include 
the right answer they could then be given a second chance, and then possibly a third chance.  
In the literature, other works can be found for MCQ. For instance, Haladyna et al. (2002), Haladyna (2004) and 
Burton and al. (1991) introduce several formats, but in our opinion they are variants of the traditional format 
presented in Bush (2015). Liu et al. (2011) present a format designated by Explanation Multiple-Choice Items, 
consisting of two different parts: the first part is a traditional MCQ, and the second part is a collection of six 
possible explanations for the choice that the students made previously. 
The quality is important in the design and implementation of MCQ. There can be found several works 
approaching sets of guidelines that guide the construction of MCQ so that quality can be assured (Clegg and 
Cashin, 1986; Burton et al., 1991; Haladyna, Downing and Rodriguez, 2002; Haladyna, 2004; Camilo and Silva, 
2008; Azevedo, 2015).   
3. Automatic grading of tests with MS Excel™ spreadsheet: Method and tools
This paper presents a relevant tool in the important phase of teaching and learning implemented with Excel. It 
was used during several academic years and proved to be efficient. Thus, we find it useful to share it with other 
researchers. At first, we developed a very basic Excel tool, but it evolved and became increasingly complete and 
complex, being an essential complement to Moodle for final assessment. 
In recent years, we used two types of summative assessment: continuous and final. Regarding continuous 
assessment, the Excel tool is used as a complement to Moodle, integrating the grades obtained in the MCQ 
Moodle tests with the students’ attendance and participation in the classes.  Regarding the final assessment of 
students not yet approved or who wish to improve grades, the tests are carried out in paper format, are passed 
to Excel format and finally the scores are automatically generated by the Excel tool. 

José Azevedo and António Pedrosa 
3.1 MS ExcelTM to support paper format exams/tests in final assessment 
We start by describing the general structure of the Excel tool we developed to support the assessment in our 
Math courses. 
The first main objective of this tool is to grade the students automatically from their answers. Thus, we created 
in the first sheet of the Excel a table with the answer key, as shown in the left part of Figure 1. In fact, there are 
4 answer keys (in different lines) for each of the 20 questions (in different columns) of the exam, since our final 
exams consist of 20 questions and 4 different versions (A-B-C-D) of each exam are prepared. 
Figure 1: Answer keys per question and per version on final exam and grades correction table 
The answer keys of each version are generated randomly using the "RANDBETWEEN" function of Excel, and then 
the tests are drawn according to these keys.  
In Figure 1, a correction table of test scores is shown, on the right side. It can be applied if necessary (in the 
example, scores of 9 are transformed into 10). These are automatic changes that are carefully defined, whenever 
there is a need to adjust the grades of all the students.  
Another goal of this tool is to generate global statistics on the performance of the group of students enrolled in 
our courses. In Figure 2, we present an excerpt from an Excel spreadsheet with a set of information, obtained 
from other spreadsheets in a way that we will explain later. We can say that this looks like a control panel with 
indicators that describe students' performance on the exam. Some of these statistical indicators are: 
 frequency table of scores; 
 number of students enrolled, assessed, approved and ratios among these indicators; 
 number and percentage of students with right answers (R), wrong answers (W) and no answer (N) per 
question 
Figure 2: Excerpt from an Excel spreadsheet with statistical data 
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This control panel collects information from other spreadsheets each referring to a class and named by the class 
notation used in ISCAP, for example C11D1. Figure 3 shows part of one of these sheets whose rows refer to each 
student in the class and whose columns contain the following information for each student: 
 student number 
 student name; 
 test version; 
 the student answers to each exam question; 
 information on the student number of right answers, wrong answers and unanswered questions; 
 raw score and corrected score, as previously described. 
In addition it also includes global statistics about the class such as the ones in Figure 2. 
Figure 3: Excerpt from the Excel sheet of a class 
To facilitate the introduction of the students' responses in the spreadsheet, there is a paper form, like the one 
shown in Figure 4, that students have to fill out with their answer choices. These answers are manually placed 
by the teachers in the appropriate spreadsheet, starting with the version of the exam that the student does not 
know because it is encoded in the questions sheet. 
Figure 4: Form for the student to write the answers 
With this data structure, you can automatically obtain all the indicators and statistics in the Excel spreadsheets 
referred to above. The main functions and formulas of Excel that are used are basic arithmetic formulas, simple 
and combined "IF" function, "VLOOKUP", "ISERROR", "FREQUENCY" and COUNTIF functions. 
3.2 MS ExcelTM to support Moodle in continuous e-assessment 
In the continuous evaluation system, three MCQ tests are usually performed. They are generated randomly from 
a bank of questions developed in Moodle. However, since Moodle, even the most recent version, does not meet 
our statistical needs, the Excel spreadsheet has become indispensable. 
The structure of the spreadsheet supporting final exams, which we described in subsection 3.1, is the basis of 
this new sheet, but now Moodle performs the grading of the tests automatically, so we do not need the sheet 
with the answer keys presented in Figure 1. 
The "Control Panel" sheet (Figure 2), is now the first element of this tool and includes the following statistical 
information organized by test and by attendance regime to classes (nocturnal versus diurnal), that is, obtained 
for each of the tests and for all together, and also for the day and night students and for the totality of the 
students together: 
 frequency table of scores; 
 number of students enrolled, evaluated, approved and ratios among these indicators; 
 number and percentage of students with right answers (R), wrong answers (W) and no answer (N) per 
question. 
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The complexity of our assessment system includes an incentive component to attendance and participation in 
classes, so we need to define in this Excel sheet a table (Figure 5) to quantify this evaluation component. 
Figure 5: Table to grade class attendance 
In addition to the three continuous assessment tests, we introduced in the last year the possibility of the 
students who have completed all the tests and failed to pass to take a make-up test that replaces one of the 
three tests. The choice of the test is made by the student and Excel automatically controls who can take the 
make-up test (Figure 7 and Figure 8). One of the problems that has not yet been solved by Moodle, is to correct 
the negative grades to zero. However, this problem is fixed in Excel. For this purpose, a different spreadsheet 
was created for each of the continuous assessment tests and for each of the make-up tests, as shown in Figure 
6. After exporting Moodle data to Excel, the negative grades are corrected, and each student’s record in the
corresponding class spreadsheet (Figure 7) is automatically updated. 
Figure 6: Table with scores 
The spreadsheet of each class (Figure 7) contains in each line all relevant information of a student, namely partial 
scores (of each test), conditional final score (before make-up test) and final score (after make-up test) and 
controls whether a student can take the make-up test. In addition, various class statistics are generated which 
are the basis of the global statistics already mentioned above and presented in Figure 9. 
Figure 7: Excerpt from the Excel sheet of a class 
For the spreadsheet of the 3rd test, in order to be easy and quick to publish the corrected score and students 
can do the make-up test, we collect information of each class spreadsheet and we publish all students ordered 
by name; thus it is not necessary to publish each class spreadsheet with this information. After students take 
the make-up test, we also collect the final score to be easily published (Figure 8). 
Figure 8: Table with scores in 3rd test and other scores 
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Figure 9: Excerpt with some statistics 
The main functions of Excel that are used are basic arithmetic functions, “IF”, “ISERROR”, “FREQUENCY”, 
“COUNTIF”, “ISNA”, “ISNUMBER”, “ISTEXT”, “MAX”, “LOOKUP”, “VLOOKUP”, “INDIRECT”, “INDEX” e “MATCH”. 
4. Results
With this tool we were able to reduce the time to grade the tests and the exams. This conclusion is documented 
in interviews with teachers who participated in this e-assessment process: 
“the automatic process of obtaining the student grades represents a great saving of time; In the matter of the 
time that one has to spend on course is more about creative aspects and less about 'minor' aspects like those of 
correcting tests” (Azevedo, Oliveira and Beites, 2017, pp. 139–140) 
The students also mentioned this feature in a survey: Faster grading (Azevedo, 2017, pp. 160–170). 
Besides the grading system is error free – "There are no errors in the correction” (Azevedo, 2017, pp. 160–170) 
– and we have been able to manage fraud more efficiently, for example, by eliminating the possibility of
duplicate tests of the same student. 
The global indicators obtained and statistical analysis developed are also fundamental for evaluating the courses 
and help you make decisions to improve less positive aspects. We can also compare results from different years 
and analyze the impact of certain measures. 
As an example, we present the result of the last three years in Figure 10. We can see that the number of students 
with a positive score (greater than 50%) is clearly lower than in the following two tests, the students scored 
better in the 3rd test, and the students who take the second make-up test are less successful than those who 
take the other make-up tests. 
Figure 10: Statistical data obtained with spreadsheet Excel 
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5. Conclusion, limitations and future work
In general, this tool is a powerful aid in evaluating students, both during the semester and during the final 
assessment process. As far as we know there are no similar works.  
Despite some initial doubts, the development of the process of continuous evaluation using computational tools 
counted on the increasing adhesion of all the teachers and had a very positive impact in all of them. This 
statement is documented in Azevedo, Oliveira and Beites (2017, pp. 139–140): 
“All teachers reported a very positive opinion about the type of assessment implemented and 
unanimously agreed that this was a good assessment system.”  
This Excel tool is a complement to Moodle that is fundamental to our teaching activity. It automatically provides 
a set of useful statistics for teachers to analyze and seek to improve outcomes. 
With regard to limitations, ISCAP does not yet allow scores to be automatically transferred from the spreadsheet 
to the Online Secretariat for publication. 
As future work, we intend to expand the statistical analysis and allow the inclusion in the worksheet of other 
evaluation parameters, such as homework and other student projects. 
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